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1
SECURE USER PLANE (SUPL)
REDIRECTION AND MOBILE LOCATION
PROTOCOL (MLP) TUNNELING TO
DISCOVERED SLP

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of pending U.S. patent
application Ser. No. 13/592,263, filed on Aug. 22, 2012, and
entitled “Secure User Plane Location (SUPL) Redirection
and Mobile Location Protocol (MLP) Tunneling to a Discov-
ered SLP,” which claims the benefit of U.S. Provisional
Application No. 61/528,142, titled “Systems and Methods for
Secure User Plane Location (SUPL) Redirection and Mobile
Location Protocol (MLP) Tunneling to a Discovered SLP”
filed on Aug. 26, 2011, the entirety of both of which are
hereby incorporated by reference.

FIELD OF THE INVENTION

The present invention generally relates to location deter-
mination, for example using Secure User Plan Location
(SUPL), and to use of a Discovered SUPL Location Platform
(D-SLP). For example, embodiments described herein may
include Secure User Plane Redirection and Mobile Location
Protocol Tunneling to a D-SLP.

BACKGROUND

Mobile devices, such as mobile phones, notebook, com-
puters, etc., typically have the ability to estimate their location
and/or position using any one of several technologies such as,
for example, satellite positioning systems (SPSs)—e.g., GPS,
Galileo, Glonass and the like, advanced forward link trilat-
eration (AFLT), Observed Time Difference Of Arrival (OT-
DOA), Cell ID or Enhanced Cell ID (ECID). Location or
position estimation techniques typically involve the process-
ing of measurements which may be based on signals acquired
ata mobile device receiver. For example, a mobile device may
acquire SPS signals or pilot signals transmitted from a terres-
trial base station. Various measured characteristics of the
acquired signals such as phase, signal strength, time of
arrival, and/or round trip delay may be used in computing a
position fix.

In a particular implementation, User Plane (UP) position-
ing such as SUPL (Secure User Plane Location) as set forth by
the Open Mobile Alliance (OMA) is a amework within which
location estimates obtained at a mobile device (e.g. a SUPL
Enabled Terminal (SET)) or at a separate location server (e.g.
SUPL Location Platform (SLP)) may be made available to
other entities as part of a location service. Making these
location estimates available to other entities (e.g. an external
client such as a SUPL Agent) may be useful in particular
applications such as, for example, providing emergency ser-
vices, locating a user on behalf of another client user, obtain-
ing driving directions or finding a nearby gas station, hotel,
airport or hospital. Additionally, in certain instances a mobile
device may also communicate with an SLP to obtain posi-
tioning assistance data such as, for example, a rough location,
accurate time reference, data to assist in acquisition of SPS or
terrestrial radio signals, local indoor navigation assistance
data, SPS ephemeris data to assist in computing a location
from SPS measurements. A location estimate may be referred
to as a location, estimated location, position or position esti-
mate—these terms being used synonymously herein.
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In the case that an external SUPL Agent needs the location
of' a SET, the SUPL Agent would typically send a location
request to the Home SLP (H-SLP) for the SET which would
then instigate a SUPL session with the SET to obtain the
SET’s location after which the H-SLP would return the
obtained location to the SUPL Agent. When a SET (SUPL
enabled terminal) such as a mobile device is not served either
by the home network or by a network with properties known
to the SET’s H-SLP (home SUPL location platform), how-
ever, it may not be possible for the H-SLP to obtain an accu-
rate location for the SET or for the SET to obtain its own
location accurately by engaging in a SUPL (Secure User
Plane Location) session with the H-SLP.

SUMMARY

Embodiments of the present invention provide systems and
methods for Secure User Plane Redirection and Mobile Loca-
tion Protocol Tunneling to a Discovered SLP (D-SLP). For
example, in one embodiment, a method for positioning
obtaining a location, comprises: engaging in a first location
session with an H-SLP; receiving a message to switch
between communicating with the H-SLP to a D-SLP; engag-
ing a second positioning location session with the D-SLP
based on the received message; and obtaining a location of a
SET.

In a further embodiment, a system for redirection com-
prises: a H-SLP comprising: a transmitter configured to trans-
mit an initiation message to a SET; a processor configured to
establish a connection with the SET; and a receiver config-
ured to receive a response message, wherein the transmitter is
further configured to transmit a redirect message to the SET
subsequent to receipt of the response message, and wherein
the receiver is further configured to receive a message com-
prising a location of the SET from the SET subsequent to
transmission of the redirect message.

In a further embodiment, a system for obtaining a location
comprises a SET comprising: a receiver configured to receive
a message to connect to a D-SLP; and a processor configured
to: engage in a first location session with an H-SLP; establish
a second location session with the D-SLP based on the
received message; and obtain a location of the SET.

These illustrative embodiments are mentioned not to limit
or define the invention, but to provide examples to aid under-
standing thereof. Illustrative embodiments are discussed in
the Detailed Description, and further description of the inven-
tion is provided there. Advantages offered by various embodi-
ments may be further understood by examining this specifi-
cation.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a system diagram describing an exemplary
embodiment of a SUPL Architecture.

FIG. 2. is a flow chart describing an exemplary embodi-
ment for use of a SUPL redirect.

FIG. 3 is a flow chart describing an exemplary embodiment
for use of MLP tunneling.

FIG. 4 is a flow diagram describing an example of a method
for SUPL redirect for immediate location.

FIG. 5 is a flow diagram describing an example of a method
for SET Initiated Location with a D-SLP.

FIG. 6 is a schematic diagram of a wireless telecommuni-
cation system.

FIG. 71is ablock diagram of components of'a mobile device
shown in FIG. 6.
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FIG. 8 is a block diagram of a SLP (SUPL Location Plat-
form) in communication with a SET (SUPL Enabled Termi-
nal).

DETAILED DESCRIPTION

As an initial matter, the following abbreviations will be
used throughout this application with the given meanings:

SUPL A location solution defined by
OMA that uses established data-
bearing channels and separate
positioning protocols for the
exchange of location data between
a SUPL Enabled Terminal (SET)
and a SUPL Location Platform
(SLP). SUPL is a key enabling
technology for Location-Based
Services (LBS). For example,
some embodiments of the present
disclosure may be implemented
using SUPL version 3.0.

A device that can communicate
with a SUPL server (SLP).
Communication with the SLP is
handled by SUPL supporting
software running on the device. A
SET could be a mobile phone,
wireless PDA, PC, or any other
device that can connect wirelessly
or by wireline means to an IP
network.

Software or hardware entity that
accesses an SLP or a SET to
obtain location information
applicable to a SET.

A server that provides positions or
position assistance data to a SET,
provides location information for a
SET to a SUPL Agent and may
also support functions related to
roaming, security, authentication,
charging, and more.

The SLP to which a SET user is
permanently subscribed for
location services and that is
typically part of the user’s home
wireless network.

An SLP discovered or provided to
a SET that is typically outside of a
user’s home wireless network.

An application-level protocol
defined by OMA for sending and
receiving the location information
of a mobile device such as a
mobile phone or wireless PDA.
MLP is the data interface used
between SUPL providers, or
between a SUPL Agent and an
SLP.

A protocol defined by OMA that
supports the exchange of location
related data between a SET and an
SLP. In addition to location data,
ULP also handles the exchange of
authentication data. ULP is
transported using TCP/IP and is
part of SUPL.

A transport layer protocol defined
by IETF (Internet Engineering
Task Force) and making use of IP
transfer.

The MLP message used to request
the location of a mobile device
(e.g. a SET). The SLIR message
may contain an ID of the targeted
mobile device, an access code for
obtaining the position of the
mobile device, quality of position

Secure User Plane Location

SET SUPL Enabled Terminal

SUPL
Agent

Secure User Plane
Location Agent

SLP SUPL Location Platform

H-SLP Home SLP

D-SLP Discovered SLP

MLP Mobile Location Protocol

ULP User Plane Location

Protocol

UDP User Datagram Protocol

SLIR Standard Location

Immediate Request
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4

-continued

(QoP) and positioning priority, the
ID of the service or application
that is requesting the position of
the mobile device, and additional
information.

The MLP message sent in
response to an SLIR message. The
SLIA message may contain a
unique ID number for the request,
the ID of the targeted mobile
device, the position of the mobile
device, the time at which the
position was calculated, and
additional information.

A protocol defined by OMA that
serves as the interface between
two location servers. In the context
of SUPL, RLP would be used in
communications between 2 SLPs -
e.g. might be used between an H-
SLP and a D-SLP. RLP adheres to
Mobile Location Protocol (MLP)
structure.

A system used to determine the
location of a device (e.g. mobile
device or SET) using orbiting GPS
satellites.

A method of GPS positioning
whereby the GPS receiver is
assisted in acquiring satellites and
calculating positions by getting
GPS ephemeris and other GPS
related assistance data through a
means other than directly from the
GPS satellites - e.g. from an SLP
using the ULP protocol or using a
positioning protocol carried within
ULP messages.

The required level of accuracy and
response delay associated with a
location request.

A generic term for services and
related applications that are based
on the geographic or civic location
of a mobile device, and may be
channeled through wireless
communication networks.

SLIA Standard Location

Immediate Answer

RLP Roaming Location Protocol

GPS Global Positioning System

AGPS  Assisted GPS

QoP Quality of Position

LCS Location Services

Traditional GPS receivers work best in open areas that
offer an unobstructed line of sight to the GPS satellites orbit-
ing overhead. In places where GPS signals are weak,
obstructed, or scattered, as is the case inside a building, build-
ing complex, subway or in an urban canyon, traditional GPS
receivers compute positions intermittently at best and fre-
quently cannot compute positions at all. AGPS technology
can deliver positions in some, though not all, places where
traditional GPS receivers fail.

SUPL is a location solution that can enable use of AGPS
and other positioning methods such as AFLT, OTDOA and
ECID that was developed by the Open Mobile Alliance
(OMA). The SUPL architecture is composed of two basic
elements: a SUPL Enabled Terminal (SET) and a SUPL
Location Platform (SLP). The SET is amobile device, such as
a phone, PDA, tablet computer, or other device, which has
been configured to support SUPL transactions. The SLP is a
server or network equipment stack that handles tasks associ-
ated with user authentication, location requests, provision of
location assistance data, location-based application down-
loads, charging, and roaming.

A strength of SUPL is the utilization of existing positioning
protocols, IP connections, and data-bearing channels. SUPL
supports positioning protocols developed for the exchange of
location data between a mobile device and a location server,
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including LTE Positioning Protocol (LPP), LPP Extensions
(LPPe), Radio Resource Location Protocol (RRLP) and TIA-
801. LPP and RRLP are defined by the 3¢ Generation Part-
nership Project (3GPP), LPPe is defined by OMA and TIA-
801 is defined by the 3’7 Generation Partnership Project 2
(3GPP2)—all in publicly available documents. The LPPe
protocol is an extension of the LPP protocol with LLPP nor-
mally being used by SUPL either by itself or in combination
with LPPe. SUPL also allows use of MLP and RLP and
defines ULP for communication between a SET and SLP.
MLP is used in the exchange of location based services data
between elements such as an SLP and a SUPL Agent; RLP is
used between two SLPs; ULP is used in the exchange of
location data between an SLP and a SET.

In some embodiments, an external client may comprise a
SUPL Agent. A SUPL Agent may indirectly acquire an esti-
mated location ofa SET from the mobile device. For example,
to acquire an estimated location of a mobile device, a SUPL
Agent may transmit a message to an SLP requesting the
estimated location. After receiving the message from the
SUPL Agent, the SLP may initiate a SUPL session with the
mobile device to obtain an estimated location of the mobile
device, which may subsequently be transmitted from the SLP
to the SUPL Agent. The estimated location may be obtained
in a plurality of ways. Two example ways include (i) where
the mobile device makes measurements (e.g. of SPS signals
and/or terrestrial radio signals from nearby base stations and/
or other wireless access points) and transfers the measure-
ments to the SLP for the SLP to compute the estimated loca-
tion; and (i) where the mobile device makes measurements as
in (i) and in addition computes the estimated location itself,
possibly making use of assistance data (e.g. SPS ephemeris
data) provided by the SLP in order to do this.

In one embodiment, a mobile device may be associated
with a home location server such as a home SLP (H-SLP)
having location assistance data that is generally applicable to
regions where the user device may be located at any particular
time. Here, regardless of a current location of the mobile
device, the mobile device may communicate with its H-SLP
to obtain various location services, positioning assistance
data, location based service information, etc.

In certain situations, however, an H-SLP may not have a
particular location service and/or certain desired positioning
assistance data, etc., for a mobile device to use in obtaining
navigation assistance. For example, if the mobile device is
located inside a building structure such as a shopping mall,
airport, civic center or hospital, the H-SLP may be able to
provide assistance data related to nearby base stations exter-
nal to the building structure and to certain SPSs, but may not
have information on wireless access points inside the building
structure such as Wireless LAN Access Points or Femtocells.
In that case, it may not be possible to obtain an accurate
location estimate for the mobile device—e.g. if the mobile
device can measure signals from the wireless access points
inside the building structure but due to signal attenuation and
reflection caused by the building structure, is unable to mea-
sure or accurately measure signals from SPS satellites and
external base stations. In certain other cases, the H-SLP may
notknow about base stations nearby to the mobile device (e.g.
if the mobile device is in a country or region remote from the
H-SLP), making location estimation difficult or impossible
even when the mobile device is outdoors and not within a
building structure. In these cases, it may be beneficial for a
SET or SUPL Agent to obtain location services from a D-SLP
that may be more local to the SET than the SET’s H-SLP and
that may have more information on the SET’s local environ-
ment (e.g. on nearby base stations and WiF1i access points). A
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SET may discover a suitable D-SLP by itself and obtain
authorization to use the D-SLP from its H-SLP or the SET
may ask its H-SLP to provide the identity of a suitable D-SLP
appropriate to the SET’s current location. Thus, in certain
situations (e.g. when a SET is roaming outside of its home
network), the SET may access a D-SLP that has been discov-
ered by the SET or by the SET’s H-SLP and subsequently
authorized for use by the H-SLP. In this situation, it may be
better to obtain the SET’s location using the D-SL.P—e.g.
because the D-SLP can obtain a more accurate and reliable
location than the H-SLP. But the SUPL, Agent may not be
aware of the D-SLP or have a subscription to obtain location
services from the D-SLP. Thus, it may be beneficial to enable
a SUPL Agent to obtain location services from a D-SLP in a
manner that does not require the SUPL Agent to discover a
D-SLP itself or have a subscription for location services with
the D-SLP provider.

In order to enable a SET to receive better location services
when roaming away from its home network and allow SUPL
Agents to obtain more accurate and reliable location of the
SET, SUPL (e.g. SUPL version 3.0) allows the use ofa D-SL.P
that may be discovered by a SET or provided to a SET by the
SET’s H-SLP. In both cases, the H-SLP also authorizes the
SET to use the D-SLP. In some embodiments, an H-SLP may
provide or authorize more than one D-SLP for a SET and may
indicate conditions under which a SET is allowed to access a
D-SLP. Examples of such conditions include some defined
period of time during which a SET may access a specific
D-SLP, a geographic service area in which a SET must be
located in order to access a specific D-SLP and a set of one or
more access networks, one of which a SET must be using in
order to access a D-SLP. The possibility to provide or autho-
rize more than one D-SLP to a SET combined with the con-
ditions under which a SET may access any D-SLP means that
an H-SLP may not always know which D-SLP a SET is
currently using to obtain location services. However, SUPL
enables a SET to send a report to its H-SLP whenever it starts
accessing any D-SLP for the first time or for the first time after
having accessed some other D-SL.P. When this SUPL option
is used, an H-SLP can know which D-SLP a SET is using at
any time.

FIG. 1 shows a system diagram describing an exemplary
embodiment of a SUPL Architecture 100. As shown in FIG. 1,
an exemplary SUPL architecture may comprise: a GPS sat-
ellite 150, a SET 104, a visited/serving network 102a, one or
more D-SLPs 1305, a home network 1025, a H-SLP 102 for
SET 104, and a SUPL Agent 112.

As shown in FIG. 1, SET 104 may have a home network
1024 but may, at any time, be using a different visited/serving
network 102a. In some cases, when SET 104 is not roaming,
the visited/serving network 102a and home network 1025
may be the same network. Each of visited/serving network
102a and home network 1025 may be a Code Division Mul-
tiple Access (CDMA) network, a Time Division Multiple
Access (TDMA) network, a Frequency Division Multiple
Access (FDMA) network, an Orthogonal Frequency Division
Multiple Access (OFDMA) network, a Single-Carrier Fre-
quency Division Multiple Access (SC-FDMA) network, and
so on. A CDMA network may implement one or more radio
access technologies (RATSs) such as ¢cdma2000, cdma2000
Evolution Data Only (EvDO), Wideband-CDMA
(W-CDMA), Time Division Synchronous Code Division
Multiple Access (TD-SCDMA), High Speed Packet Access
(HSPA) to name just a few radio technologies. Here,
c¢dma2000 may include technologies implemented according
to Telecommunications Industry Association (TIA) IS-95,
1S-2000, and IS-856 standards. A TDMA network may
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implement Global System for Mobile Communications
(GSM), General Packet Radio Service (GPRS), Digital
Advanced Mobile Phone System (D-AMPS), or some other
RAT. GSM, GPRS, W-CDMA and HSPA are described in
documents from 3GPP. Cdma2000 is described in documents
from 3GPP and 3GPP2, which are publicly available. SET
104 may also access a local area network (LAN) (not shown
in FIG. 1) which may support visited/serving network 102a or
provide access to visited/serving network 102a or home net-
work 1025. Examples of a LAN include an IEEE 802.11x
wireless LAN (WLAN) network, and a Bluetooth network.
Wireless communication networks used by visited/serving
network 102¢ and home network 1025 may also include
so-called next generation technologies (e.g., “4G”), such as,
for example, 3GPP Long Term Evolution (LTE), 3GPP LTE
Advanced, IEEE 802.16 WiMAX, 3GPP2 Ultra Mobile
Broadband (UMB), or other types of wireless communication
networks.

SET 104 may correspond to a mobile device, such as a
phone, PDA, tablet computer, or other device, which has been
configured to support SUPL transactions. Interaction
between SET 104 and H-SLP 102 or a D-SLP 13054 is done
through ULP (User Plane Location Protocol), which is a
TCP/IP based protocol that can be used over GPRS, HSPA,
LTE, CDMA EvDO, IEEE 802.11 WLAN or any other air
interface approved for use in SUPL systems. SET 104 may
further comprise LBS Applications and SUPL, Agents. An
LBS application may comprise any application that requests
and uses location information, such as a navigation, tracking,
or “friend-finder” application. SUPL, Agent software is
responsible for gaining access to the network resources
required for the location session.

As shown in FIG. 1, one embodiment of an SLP architec-
ture may comprise SUPL Agent 112. SUPL Agent 112 may
comprise a software or hardware entity that accesses the SLP
(e.g. H-SLP 102) to obtain location information fora SET—
e.g. SET 104. For example, SUPL Agent 112 may comprise
tracking software on a desktop that sends a location request to
H-SLP 102 to determine the location of SET 104. In some
embodiments, SET 104 may further comprise an internal
SUPL Agent (not shown in FIG. 1). For example, in such an
embodiment, the internal SUPL. Agent may comprise a
mobile GPS application on a mobile device.

Also shown in FIG. 1 is the H-SLP 102 for SET 104 which
may be part of or accessed from the home network. FIG. 1
also shows two D-SLPs 1305 that may be part of or accessed
via the visited/serving network 102a. One or both D-SLPs
1305 may be discovered by SET 104 while roaming in or
nearby to the visited/serving network 102a or may be identi-
fied to SET 104 by the H-SLP 102. In either case, the H-SLP
102 may authorize SET 104 to obtain location services from
one or both D-SLPs 1305 and/or to accept a location request
from one or both D-SLPs 1305 to obtain the location of SET
104 and provide the location to some external client such as
SUPL Agent 112. The H-SLP 102 may impose conditions
under which SET 104 is allowed to access a D-SLP 1305 to
obtain location services. The conditions may include a period
of time during which D-SLP 1305 access is permitted, a
geographic service area for a D-SLP 1305 within which SET
104 must be located in order to access the D-SLP 1305 and a
set of access networks (e.g. visited/serving network 102a),
one of which SET 104 must be using in order to access the
D-SLP 1305. When SET 104 accesses a D-SLP 1306 it may
obtain location services such as requesting and receiving
assistance data to enable SET 104 to make measurements
associated with different position methods (e.g. AGPS,
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OTDOA, AFLT) and/or to enable SET 104 to compute its
location from these measurements.

Under some circumstances, a D-SLP 1305 may authorize
and provide another D-SLP for SET 104. This may occur
when SET 104 is in an area known to a discovered and
authorized D-SLP 1305 but not known to the SET 104’s
H-SLP 102. For example, in one embodiment, a SET may be
roaming in another country where the SET’s H-SLP is able to
provide and authorize a D-SLP (S1) in this country that can
provide location services in most parts of the country but is
not able to provide adequate location services in certain
restricted areas such in a certain shopping mall, airport, hos-
pital etc. In this case, there may be another D-SLP (S2) that is
able to provide better location services in the restricted area
than the currently authorized D-SLP (S1), but this other
D-SLP (S2) may not be known to the H-SLP. In this case, the
H-SLP may authorize the initial D-SLP (S1) to act as a proxy
for the H-SLP and provide and authorize other D-SLPs—
such as D-SLP (S2). This capability is defined for example in
SUPL version 3.0. In FIG. 1, one D-SLP 1305 may be a proxy
D-SLP provided and authorized by the H-SLP 120 while
another D-SLP 13056 may be provided and authorized by this
proxy D-SLP 1305.

In FIG. 1, SUPL Agent 112 may normally access the
H-SLP 102 when it wishes to obtain the location of SET 104.
If'SET 104 is not roaming or if the H-SLP 102 did not provide
and authorize a D-SLP 13056 for SET 104, H-SLP 102 may
instigate a SUPL session with SET 104 and obtain the SET
location using ULP or any of the positioning protocols sup-
ported within ULP, for example, such as RRLP, LPP, LPP plus
LPPe or TIA-801. The H-SLP 102 may then return the SET
104 location to SUPL Agent 112. But if the H-SLP 102 has
provided or authorized one or more D-SLPs 1305 for SET
104, then the H-SLP 102 may be able to obtain a more
accurate and reliable location using a provided or authorized
D-SLP 1305 as described further on herein.

FIG. 2 is a flow chart describing an exemplary embodiment
for secure user plane redirect. In some embodiments, the
steps in FIG. 2 may be implemented in program code that is
executed by a processor, for example, the processor in a
general purpose computer, a mobile device, or server. In some
embodiments, these steps may be implemented by a group of
processors, for example, a processor on a mobile device and
processors on one or more general purpose computers, such
as servers. For example, in some embodiments the steps in
FIG. 5 may be performed by Processor 720, Memory 722,
Software 724, Antenna(s) 728, and /O Devices 726 of SET
712. In some embodiments, some of the steps may be per-
formed by Processor 811 executing instructions 814 stored on
memory 812 of one or more SUPL Servers 810 and using one
or more transmitters, receivers, and antennas of one or more
SUPL Servers 810 (not shown in FIG. 8).

As shown in FIG. 2, the method 200 starts at stage 202
when the H-SLP (such as SLP 810 shown in FIG. 8) sends a
SUPL INIT message to the SET (e.g. SET 104 in FIG. 1). For
example, in some embodiments, SL.P 801 may determine this
message using processor 811 and send it using a transmitter
and antenna (not shown in FIG. 8). In some embodiments,
SET 712 may receive the request using Antenna(s) 728. This
step may be triggered when a SUPL Agent (e.g. SUPL Agent
112 in FIG. 1) sends a location request (e.g. via MLP) to the
H-SLP to request the location of the SET, for example using
Antenna(s) 728. In some embodiments, the SUPL INIT mes-
sage is the first SUPL message sentto a SET by an SLP when
instigating any SUPL session with a SET—e.g. to obtain the
location of the SET. In some embodiments, the SUPL INIT
message may comprise a new D-SLP related flag (e.g. as
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indicated using a new position method value) indicating that
location via a D-SLP may be needed.

Next, at stage 204, the SET establishes a secure connection
to the H-SLP. For example, in some embodiments, SET 712
may establish the secure connection using processor 720. In
some embodiments, the SET may further return a SUPL POS
INIT containing information about current D-SLPs that have
been authorized for the SET by the H-SLP or by a proxy
D-SLP if the SET has any proxy D-SLPs that have provided
and authorized other D-SLPs. For example, in some embodi-
ments, the SET 712 may return this message using processor
720 and Antenna(s) 728. For example, in one embodiment,
the SUPL POS INIT may comprise a list of currently autho-
rized D-SLPs and whether the SET is within the geographic
service area of each of these D-SLPs. In other embodiments,
the SUPL POS INIT may comprise an indication of whether
the SET has any authorized D-SLPs and is within the geo-
graphic service area of at least one of them. In still other
embodiments, the SUPL POS INIT could provide initial posi-
tion measurements. For example, these initial position mea-
surements may be based on the ECID, OTDOA or some other
position method.

Then, at stage 206, the H-SLP and SET engage in a SUPL
POS session in which the SET and H-SLP exchange SUPL
POS messages each containing one or more messages sup-
porting a positioning protocol such as LPP, LPP/L.PPe, RRLP
or TIA-801. For example, in some embodiments, SLP 801
may exchange messages using processor 811 and send it
using a transmitter, receiver, and antenna (not shown in FIG.
8). In some embodiments, SET 720 may exchange messages
using Antenna(s) 728. In some embodiments, the SUPL POS
session may let the H-SLP get an approximate or even accu-
rate location of the SET. In some embodiments, this stage can
be omitted.

Next, at stage 208, the H-SLP sends a SUPL REDIRECT
message to the SET. For example, in some embodiments, SL.P
801 may determine this message using processor 811 and
send it using a transmitter and antenna (not shown in FIG. 8).
In some embodiments, the SET 712 may receive the SUPL
REDIRECT using Antenna(s) 728. In some embodiments,
the SUPL, REDIRECT message may contain an authorized
D-SLP address (e.g. the address of a D-SLP 1305 in FIG. 1),
abilling code and/or a digitally signed set of information (e.g.
digitally signed authentication data) to enable a D-SLP to
verify the identity of the SET and/or the identity of the H-SLP.
The digitally signed information may include one or more of
the billing code, the date and time, the SET identity and the
H-SLP identity. In some embodiments, ifno D-SLP address is
provided, the SET can use any authorized D-SLP, if the SET
is in that D-SLP’s service area.

Then at stage 210, the SET establishes a separate SET
initiated SUPL session with either the D-SLP provided in
stage 208 or a D-SLP chosen by the SET if no D-SLP was
provided. For example, in some embodiments, the SET 712
may determine a D-SLP by executing software 724 stored on
memory 722 with processor 720. The D-SLP may, for
example, be a D-SLP 13056 shown in FIG. 1. The SET then
obtains its (SET) location via SUPL interaction with the
D-SLP and performing location measurements as directed by
the D-SLP or as decided by the SET. In some embodiments,
the SET provides the billing code and/or digitally signed
information from stage 208 above to the D-SLP. For example,
the SET 712 may send these messages using Antenna(s) 728.
For example, the SET may provide the billing code and/or
digitally signed information to the D-SLP in the SUPL
START message. In some embodiments, this may ensure that
the D-SLP operator will not bill the SET user for the location
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session, but will instead bill the H-SLP operator. In some
embodiments, the D-SLP may use the digitally signed infor-
mation to authenticate the identity of the SET and/or the
identity of the H-SLP. In some embodiments, the H-SLP
operator may pass on the charge to the SUPL Agent for which
the location request in stage 202 was initiated.

At stage 212, the SET sends a SUPL. END or a SUPL
REPORT to the H-SLP with the location from stage 210. The
SUPL session between the H-SLP and SET may then termi-
nate—e.g. the H-SLP may send a SUPL, END message to the
SET if the SET did not send a SUPL END in stage 212. For
example, in some embodiments, SL.P 801 may determine this
message using processor 811 and send it using a transmitter
and antenna (not shown in FIG. 8). The SET 712 may receive
these messages using Antenna(s) 728. However, other com-
ponents discussed in FIG. 1 above may have additional
stages. For example, in some embodiments, the client appli-
cation in the SUPL Agent may continue to perform additional
tasks.

FIG. 3 is a flow chart describing an exemplary embodiment
foruse of MLP tunneling. In some embodiments, the stages in
FIG. 3 may be implemented in program code that is executed
by a processor, for example, the processor in a general pur-
pose computer, a mobile device, or server. In some embodi-
ments, these stages may be implemented by a group of pro-
cessors, for example, a processor on a mobile device and
processors on one or more general purpose computers, such
as servers. For example, in some embodiments the steps in
FIG. 5 may be performed by Processor 720, Memory 722,
Software 724, Antenna(s) 728, and /O Devices 726 of SET
712. In some embodiments, some of the steps may be per-
formed by Processor 811 executing instructions 814 stored on
memory 812 of one or more SUPL Servers 810 and using one
or more transmitters, receivers, and antennas of one or more
SUPL Servers 810 (not shown in FIG. 8).

As shown in FIG. 3, the method 300 starts at stage 302
when an LCS client (e.g. SUPL Agent 112 in FIG. 1) sends an
MLP request to locate a particular SET (e.g. SET 104 in FIG.
1). For example, the SET 712 may receive these messages
using Antenna(s) 728. In some embodiments, the LCS client
sends the MLP request to the H-SLP (such as SLP 810 shown
in FIG. 8) for the SET for which the location is needed (e.g.
the LCS client sends the MLP request to H-SLP 102 in FIG.
1).

Next, at stage 304, the H-SLP determines that a D-SLP
(e.g.aD-SLP 1305 in FIG. 1) will be better able to obtain the
SET’s location. For example, in some embodiments, SL.P 801
may determine this using processor 811. For example, the
H-SLP may have previously provided and authorized one or
more D-SLPs for the SET and/or may have received reports
from the SET concerning recently accessed D-SLPs. For
example, the SET 712 may send these reports using
Antenna(s) 728. Consequently, the H-SLP may be aware that
the SET is using a D-SLP that can provide better location
support than the H-SLP. The H-SLP may also be able to
determine which D-SLP is best able to locate the SET—e.g.
from the D-SLP most recently reported by the SET as having
been accessed or from a recent location for the SET obtained
by the H-SL.P, which is associated with a particular preferred
D-SLP. In some embodiments, the H-SLP may therefore send
the MLP request received in stage 302 to a preferred D-SLP.
In some embodiments, the H-SL.P may send this message by
a process referred to herein as “tunneling.” Tunneling uses a
RLP tunneling capability to transfer a message without any
change to that message. For example, in one embodiment, an
RLP tunneling capability may be used to transfer the MLP
Request message received in stage 302 without any change to
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the message. RLP is a protocol that serves as the interface
between two location servers. In some embodiments, in the
context of SUPL, RLP is used in communications between
the H-SLP and a D-SLP. RLP adheres to Mobile Location
Protocol (MLP) structure. In some embodiments, this RLP
tunneling impacts the H-SLP, D-SLP and the RLP protocol
but may be simpler than implementing the complete RLP
protocol in both the H-SLP and D-SLLP—thereby reducing
impacts in comparison to translating the MLP request mes-
sage received in stage 302 into an equivalent RL.P message. In
some embodiments, this RLP tunneling may be similar to
proxy roaming support in SUPL 2.0 except that MLLP mes-
sages would be tunneled and not ULP messages (thereby
avoiding any impacts to SUPL and avoiding associated
impacts to a SET).

Then, at stage 306, the recipient D-SLP, may further tunnel
the MLP request to another D-SLP (e.g. another D-SLP 1305
in FIG. 1). In some embodiments, this stage may occur if the
D-SLP chosen in stage 304 is a proxy D-SLP and has previ-
ously provided or authorized another D-SLP to the SET.
However, a proxy D-SLP may only tunnel the MLP request to
a D-SLP that has already been authorized by the proxy
D-SLP. In some embodiments, the tunneling messages in
stages 304 and 306 may provide additional information about
the SET which the H-SLP has but not the D-SLP. In some
embodiments, stage 306 may not occur and stages 308 and
310 may be supported by the D-SLP chosen by the H-SLP in
stage 304.

Next at stage 308, the recipient D-SLP authenticates the
H-SLP and not the SUPL, Agent. This authentication may be
supported using secure IP (IPsec), TLS or authentication
information provided within RLP. In some embodiments, the
SUPL Agent is authenticated by the H-SLP. Similarly, in
some embodiments, service authorization is performed only
by the H-SLP and not by a D-SLP which may accept whatever
service request is tunneled through by the H-SLP.

Then at stage 310, the recipient D-SLP may instigate a
network initiated SUPL session with the SET to obtain its
location. The D-SLP can notify the SET concerning the origi-
nal LCS Client if the H-SLP included this information with
the MLP Request tunneled to the D-SLP in stages 304 and
306. For example, the SET 712 may receive these messages
using Antenna(s) 728. The SET can then decide whether or
not to allow the location request. In some embodiments, the
D-SLP will then return the location to the H-SLP in an MLP
response. In some embodiments, if the Proxy D-SLP dis-
cussed in stage 306 was utilized, then the MLP response and
SET location will be tunneled using RLP back via the Proxy
D-SLP to the H-SLP.

FIG. 4 is aflow diagram describing an example of a method
for SUPL redirect for immediate location. The example pro-
vides further embodiments of the design described in FIG. 2.
In some embodiments, the stages in FIG. 4 may be imple-
mented in program code that is executed by a processor, for
example, the processor in a general purpose computer or
server. In some embodiments, these stages may be imple-
mented by a group of processors, for example, a processor on
a mobile device and processors on one or more general pur-
pose computers, such as servers. For example, in some
embodiments the steps in FIG. 5 may be performed by Pro-
cessor 720, Memory 722, Software 724, Antenna(s) 728, and
1/0 Devices 726 of SET 712. In some embodiments, some of
the steps may be performed by Processor 811 executing
instructions 814 stored on memory 812 of one or more SUPL
Servers 810 and using one or more transmitters, receivers,
and antennas of one or more SUPL Servers 810 (not shown in
FIG. 8).
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As shown in FIG. 4, the method 400 starts at stage 402
when a SUPL Agent (e.g. SUPL. Agent 112 in FIG. 1) sends an
MLP SLIR message to the H-SLP (e.g. H-SLP 102 in FIG. 1
or SLLP 810 shown in FIG. 8), with which it is associated to
request the location of a particular SET (e.g. SET 104 in FIG.
1). Then the H-SLP will authenticate the identity (e.g. a
client-id) of the SUPL Agent and check if the SUPL Agent is
authorized for the service requested. In some embodiments,
this authentication procedure is based on the client-id
received from the SUPL Agent. The H-SLP may also provide
privacy checking for the SET based on the SET identity (e.g.
defined by an MLP ms-id parameter) and client-id. In some
embodiments, the H-SLP may also verify that the target SET
supports SUPL.

In some embodiments, if a previously computed position
for the SET that meets the requested QoP (Quality of Posi-
tion) is available at the H-SLP and no notification and verifi-
cation by the SET is required, the H-SLP will directly proceed
to stage 420. In other embodiments, if notification and veri-
fication or notification only is required, the H-SLP will pro-
ceed to stage 404.

Then, at stage 404, the H-SLP initiates the location session
with the SET by sending the SUPL INIT message to the SET.
For example, in some embodiments, SLP 801 may determine
this message using processor 811 and send it using a trans-
mitter and antenna (not shown in FIG. 8). For example, the
SET 712 may receive this messages using Antenna(s) 728.
The SUPL INIT message contains the intended positioning
method (posMethod), the SLP Capabilities (sL.PCapabilities)
and optionally the QoP. In some embodiments, if the result of
the privacy check in stage 402 indicates that notification
and/or verification of the target subscriber is needed, the
H-SLP also includes the Notification parameter in the SUPL
INIT message. In some embodiments, before the SUPL INIT
message is sent, the H-SLP also computes and stores the hash
of'the SUPL INIT message.

Insome embodiments, ifin stage 402 the H-SLP decided to
use a previously computed position, the SUPL INIT message
will indicate this in a ‘no position’ posMethod parameter
value and the SET will respond with a SUPL. END message
carrying the results of the verification process (access granted
or access denied). For example, in some embodiments, SLP
801 may make this determination using processor 811. In
other embodiments, if no explicit verification is required (no-
tification only) the SET will respond with a SUPL. END
message, and then H-SLP will proceed directly to stage 420.
For example, the SET 712 may send these messages using
Antenna(s) 728. But in such an embodiment, before sending
the SUPL. END message, the SET will perform the data
connection setup procedure of stage 406 and use the proce-
dures described in stage 408 to establish a TLS connection to
the H-SLP.

Next, at stage 406, the SET analyzes the received SUPL
INIT message. For example, the SET 712 may analyze the
received message with processor 720. In some embodiments,
if the SUPL INIT message is found to be not authentic, the
SET takes no further action. In other embodiments, the SET
takes required action to prepare for the establishment of a
TLS connection with the H-SLP. In some embodiments, the
SET also calculates the hash of the received SUPL INIT
message.

Then at stage 408, the SET evaluates the Notification rules
and takes the appropriate action—e.g. the SET may notify the
SET user about the location request and may verify the user’s
willingness to allow the location request. For example, the
SET 712 may evaluate the Notification rules using processor
720, and notify the user using one or more of /O devices 726.
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The SET may then establish a TLS connection to the H-SLP
using the H-SLP address provisioned in the SET by the home
network (e.g. provisioned during SET manufacture). The
SET and the H-SLP may authenticate one another during the
establishment of the TLS connection. The SET then sends a
SUPL POS INIT message to start a positioning session with
the H-SLP. In some embodiments, the SET will send the
SUPL POS INIT message even if the SET does not support
the intended positioning method indicated in the SUPL INTT.
The SUPL POS INIT message contains the SET capabilities
(sETCapabilities) and the hash of the received SUPL INIT
message calculated in stage 406. The SET capabilities may
indicate that the SET supports a SUPL Redirect. The SUPL
POS INIT message may include a list of authorized D-SLPs
for the SET and an indication as to whether the SET is within
the service area of any D-SLP or of a particular D-SLP. In
some embodiments, the SUPL POS INIT message may also
include a SUPL POS message carrying LPP/L.LPPe and/or
TIA-801 positioning protocol messages in line with the
H-SLP’s positioning protocol capabilities (e.g. as indicated in
stage 404 in sL.PCapabilities). In some embodiments, the
SET may also provide its position, if this is supported (as part
of LPP/LPPe/TTIA-801 or explicitly through the optional
position parameter in the SUPL POS INIT). In some embodi-
ments, if a position retrieved in, or calculated based on infor-
mation received in the SUPL POS INIT message is available,
and meets the required QoP, the H-SLP may directly proceed
to stage 418 and not engage in a SUPL POS session.

Next, at stage 410, the SET and H-SLP engage in a SUPL
POS message exchange to calculate a position. Each SUPL
POS message sent by the H-SLP or SET may contain one or
more messages for the LPP, LPP/LLPPe or TIA-801 position-
ing protocols. For example, in some embodiments, SLP 801
may determine these message using processor 811 and send
and receive them using a transmitter, receiver, and antenna
(not shown in FIG. 8). For example, the SET 712 may send
and receive these messages using Antenna(s) 728. In some
embodiments each positioning protocol message sent by the
H-SLP may (i) transfer assistance data and/or (ii) request
and/or transfer positioning capabilities and/or (iii) request
location information. Further, in some embodiments, each
positioning protocol message sent by the SET may (i) request
assistance data and/or (ii) request and/or transfer positioning
capabilities and/or (iii) transfer location information (e.g.
location measurements or a location estimate). These con-
tents of positioning protocol messages may be related to
particular position methods (e.g. AGPS, AFLT, OTDOA,
ECID) supported by the positioning protocol and by the SET
and/or H-SLP. The positioning methods used for this session
may be determined based on the positioning capabilities
exchanged by the SET and the H-SLP during the SUPL POS
message exchange or optionally on positioning capabilities
transferred within positioning protocol messages by the SET
in stage 408 above. The H-SLP may calculate a position
estimate for the SET based on the received positioning mea-
surements (SET-Assisted) or the SET may calculate the posi-
tion estimate based on assistance obtained from the H-SLP
(SET-Based) and transfer the position estimate to the H-SLP.

Then at stage 412, the H-SLP determines that aD-SLP (e.g.
a D-SLP 1305 in FIG. 1) may be able to obtain a better
location for the SET. For example, in some embodiments,
SLP 801 may make this determination using processor 811.
Stage 412 may occur either before or after stage 410. In the
former case, stage 410 may not occur. The H-SLP sends a
SUPL REDIRECT message to the SET and may include the
address of an authorized D-SLP (e.g. a D-SLP 1305 in FIG.
1), a billing code and/or digitally signed authentication data.
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The digitally signed authentication data may include one or
more of the billing code, the current date and time, the SET
identity and the H-SLP identity. In some embodiments, the
H-SLP may determine the need for stage 412 based on one or
more of the following:

(a) An indication by the SET in the SUPL POS INIT in
stage 408 that the SET supports a SUPL REDIRECT.

(b) A list of authorized D-SLPs provided by the SET in the
SUPL POS INIT message in stage 408 and an indication
of whether the SET is within the service area of each
authorized D-SLP or of any authorized D-SLP.

(c) Prior knowledge by the H-SLP that the SET supports a
SUPL REDIRECT (e.g. obtained from a previous SUPL
session or determined by the H-SLP operator based on
equipment knowledge for the SET or SET user subscrip-
tion information).

(d) Prior knowledge by the H-SLP that the SET has been
assigned authorized D-SLP addresses which may still be
valid (e.g. where any time duration limit for a D-SLP
may not yet have expired and/or where the SET may be
in the geographic service area for a D-SLP).

(e) A recent report from the SET that is has accessed an
authorized D-SLP.

() A position estimate for the SET obtained in stage 412
that does not satisfy any QoP requested by the SUPL
Agent at stage 402.

Next, at stage 414, the SET establishes a separate SUPL
session with a D-SLP (e.g. a D-SLP 13054 in FIG. 1)—e.g.
using the procedure described with regard to FIG. 5 below,
and obtains its location. The SET may determine the D-SLP
based on any D-SLP included by the H-SLP in the SUPL
REDIRECT in stage 412 or the SET may chose a D-SLP
based on currently authorized D-SLPs that the SET is allowed
to access (e.g. where any service duration for a D-SLP has not
expired and where the SET is within any service area for the
D-SLP). For example, the SET 712 may establish a separate
SUPL session with processor 720 sending and receiving mes-
sages using Antenna(s) 728.

Then, at stage 416, the SET returns the position estimate to
the H-SLP in a SUPL REPORT message. Alternatively (not
shown in FIG. 4), the SET may return the position estimate to
the H-SLP in a SUPL END message. For example, the SET
712 may send and receive these messages using Antenna(s)
728.

Next, at stage 418, if the SET did not send a SUPL END in
stage 416, the H-SLP may send a SUPL END message to the
SET indicating that the location session has ended. The SET
will thenrelease the TLS connection to the H-SLP and release
all resources related to this session. For example, the SET 712
may send and receive these messages using Antenna(s) 728.

At stage 420, the H-SLP sends the position estimate (pos-
result) back to the SUPL Agent in an MLP SLIA message and
the H-SLP releases all resources related to this session. For
example, in some embodiments, SL.P 801 may determine this
message using processor 811 and send it using a transmitter
and antenna (not shown in FIG. 8).

In an alternative embodiment to the example described in
FIG. 4 above, the H-SLP may transfer a SUPL REINIT mes-
sage to the SET in stage 404 instead of a SUPL NIT message
to initiate a new positioning activity for an already ongoing
generic SUPL session with the SET. For example, in some
embodiments, SLP 801 may determine this message using
processor 811 and send it using a transmitter and antenna (not
shown in FIG. 8). For example, the SET 712 may receive
these messages using Antenna(s) 728. In this embodiment,
for example, stages 402 through 420 may occur as described
above for FIG. 4 except that (i) no data connection or TLS
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session may be set up in stage 406 by the SET if a data
connection and TLS session already exist, (ii) a posMethod
parameter may not be included in the SUPL REINIT in step
404, (iii) notification rules may not be evaluated by the SET in
stage 408, and (iv) stage 418 may be omitted and the generic
SUPL session may continue after the SET has returned its
location to the H-SLP in stage 416.

In another embodiment of the example described above in
FIG. 4, stages 414 and 416 may be omitted and the H-SLP
may terminate the SUPL session by sending the SUPL END
message in stage 418 either after sending the SUPL. REDI-
RECT in stage 412 or after stage 408 or stage 410 with stage
412 then omitted. For example, in some embodiments, SLP
801 may determine this message using processor 811 and
send it using a transmitter and antenna (not shown in FIG. 8).
For example, the SET 712 may receive the SUPL END mes-
sage using Antenna(s) 728. In some embodiments, if step 412
is omitted, the H-SLP may include the request to use a D-SLP
and the other information described for the SUPL REDI-
RECT in stage 412 in the SUPL END message sent in stage
418. In this embodiment after the SUPL session in FIG. 4 has
been terminated at stage 418, the SET may initiate a SUPL
session with a D-SL.LP—e.g. a D-SLP indicated by the H-SLP
in the SUPL REDIRECT in stage 412 or the SUPL END in
stage 418 or a D-SLP determined by the SET. The SET may
then obtain its location—e.g. using the procedure described
below in FIG. 5. After the SET obtains its location, the SET
may transfer the location to the H-SLP by instigating a new
SUPL session with the H-SLP and the H-SL.P may transfer
the location to the SUPL Agent according to stage 420 in F1G.
4. The SET may also transfer other information to the H-SLP
when instigating the new SUPL session with the H-SLP (e.g.
a billing code or other information received from the H-SLP
in stage 412) to indicate to the H-SLP that the new SUPL
session is related to the SUPL session in FIG. 4.

In another embodiment, after the SET obtains its location
from a SUPL session with a D-SLP (e.g. using the procedure
in FIG. 5), the SET may transfer the location directly to the
SUPL Agent used in FIG. 4—e.g. if the H-SLP provides the
identity of the SUPL Agent to the SET in the SUPL. REDI-
RECT message sent in stage 412 of FIG. 4 and optionally
additional information to enable the SET to indicate to the
SUPL Agent that the location being provided is associated
with the location request in the procedure in FIG. 4. For
example, in such an embodiment, the SET 712 may send and
receive these messages using Antenna(s) 728.

FIG. 5 is aflow diagram describing an example of a method
for SET Initiated Location with a D-SLP. The example may
be used in stage 414 of FIG. 4. In some embodiments, the
stages in FIG. 5 may be implemented in program code that is
executed by a processor, for example, the processor in a
general purpose computer, mobile device, or server. In some
embodiments, these stages may be implemented by a group of
processors, for example, a processor on a mobile device and
processors on one or more general purpose computers, such
as servers. For example, in some embodiments the steps in
FIG. 5 may be performed by Processor 720, Memory 722,
Software 724, Antenna(s) 728, and [/O Devices 726 of SET
712. In some embodiments, some of the steps may be per-
formed by Processor 811 executing instructions 814 stored on
memory 812 of one or more SUPL Servers 810 and using one
or more transmitters, receivers, and antennas of one or more
SUPL Servers 810 (not shown in FIG. 8).

As shown in FIG. 5, the method 500 starts at stage 502,
when the SET (e.g. SET 104 in FIG. 1) receives a position
request from a SUPL Agent (e.g., an application) on the SET
or from the H-SL.P—e.g. as described in FIG. 4 above in
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relation to stage 414. For example, in some embodiments,
SLP 801 may determine this message using processor 811
and send it using a transmitter and antenna (not shown in FIG.
8). For example, SET 712 may receive the request using
Antenna(s) 728. The SET takes appropriate action to estab-
lish a secure TLS connection to an authorized D-SLP (e.g. a
D-SLP 1305 in FIG. 1). For example, the D-SLP may be the
D-SLP indicated by the H-SLP in the SUPL, REDIRECT at
stage 412 in F1G. 4 above or may be the D-SLP determined by
the SET for stage 414 in FIG. 4 above. The SET and the
D-SLP may authenticate one another during the establish-
ment of the TLS connection in stage 502.

Next, at stage 504, the SET establishes a secure TLS con-
nection to the D-SLP and sends a SUPL START message to
start a positioning session with the D-SLP. The SUPL START
message contains the SET capabilities (sETCapabilities) and
optionally the desired QoP. For example, SET 712 may estab-
lish the TLS connection using Antenna(s) 728 and processor
720. The QoP may be the QoP received in the SUPL INIT in
stage 404 in FIG. 4 above. The SUPL START may also
include any billing code and/or digitally signed authentica-
tion data received from the H-SLP as described in stage 412
of FIG. 4 above. The D-SLP may use the digitally signed
authentication data to authenticate the identity of the SET
and/or the identity of the H-SLP.

In some embodiments, if a previously computed position
that meets the requested QoP is available at the D-SLP, the
D-SLP will proceed directly to stage 512 and send a SUPL
END message to the SET including the position result (posi-
tion). For example, SET 712 may receive the SUPL END
using Antenna(s) 728

Then, at stage 506, the D-SLP sends a SUPL. RESPONSE
message to the SET. In some embodiments, the SUPL
RESPONSE contains the intended positioning method (pos-
Method) and the D-SLP Capabilities (sL.PCapabilities). For
example, SET 712 may receive the SUPL. RESPONSE using
Antenna(s) 728

Next, at stage 508, the SET sends a SUPL POS INIT
message to the D-SLP. For example, SET 712 may send the
SUPL POS INIT using Antenna(s) 728. In some embodi-
ments, the SET sends the SUPL POS INIT message even if
the SET does not support the intended positioning method
indicated in SUPL RESPONSE. The SUPL POS INIT mes-
sage contains the SET capabilities (sETCapabilities). In some
embodiments, the SUPL POS INIT message may also contain
a SUPL POS message carrying LPP/[.PPe and/or TIA-801
positioning protocol messages in line with the D-SLP’s posi-
tioning protocol capabilities (indicated in stage 506 in sL.P-
Capabilities). In some embodiments, the SET may also pro-
vide its position, if this is supported (as part of LPP/L.PPe/
TIA-801 or explicitly through the optional position parameter
in the SUPL POS INIT message). In some embodiments, if a
position retrieved in, or calculated based on information
received in the SUPL POS INIT message is available that
meets the required QoP, the D-SLP may proceed to stage 512
and not engage in a SUPL POS session.

Then, at stage 510, the SET and D-SLP engage in a SUPL
POS message exchange to calculate a position. For example,
SET 712 may send and receive these messages using
Antenna(s) 728. Each SUPL POS message sent by the D-SLP
or SET may contain one or more messages for the LPP,
LPP/LPPe or TIA-801 positioning protocols. Each position-
ing protocol message sent by the D-SLP may (i) transfer
assistance data and/or (i) request and/or transfer positioning
capabilities and/or (iii) request location information. Each
positioning protocol message sent by the SET may (i) request
assistance data and/or (i) request and/or transfer positioning
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capabilities and/or (iii) transfer location information (e.g.
location measurements or a location estimate). These con-
tents of positioning protocol messages may be related to
particular position methods (e.g. AGPS, AFLT, OTDOA,
ECID) supported by the positioning protocol and by the SET
and/or D-SLP. The positioning methods used for this session
may be determined based on the positioning capabilities
exchanged by the SET and the D-SLP during the SUPL POS
message exchange. In some embodiments, these positioning
capabilities may have been transferred by the SET in posi-
tioning protocol messages sent in stage 508. The D-SLP may
calculate the position estimate for the SET based on the
received positioning measurements (SET-Assisted) or the
SET may calculate the position estimate based on assistance
obtained from the D-SLP (SET-Based).

At stage 512, in some embodiments, once the position
calculation is complete, the D-SLP sends a SUPL, END mes-
sage to the SET indicating that the location session has ended.
For example, SET 712 may receive these messages using
Antenna(s) 728. In some embodiments, the D-SLP may also
send the position result (position) in SUPL. END—e.g. if the
D-SLP rather than the SET calculated the position estimate in
stage 510. In other embodiments, the SET may have obtained
the position result itself—e.g. by making use of assistance
data received from the D-SLP at stage 510. In some embodi-
ments, the SET will release the TLS connection to the D-SLP
and release all resources related to this session. In some
embodiments, the D-SLP will release all resources related to
this session. The D-SLP or the D-SLP operator may transfer
any billing code received in stage 504 to the H-SLP or the
H-SLP operator (not shown in FIG. 5) to bill the H-SLP
operator for the location service provided to the SET by the
procedure 500. The H-SLP or H-SLP operator may recognize
the billing code as having been transferred to the SET in stage
412 of FIG. 4 and may bill the SUPL Agent in FIG. 4 and not
the SET for the location service provided in FIG. 5.

Referring to FIG. 6, a wireless communication system 610
includes various devices, such as user equipment 612 (UE),
base transceiver stations (BTSs) 614 disposed in cells 616,
and a base station controller (BSC) 618. A UE 612 may be an
example of SET 104 in FIG. 1 and BSC 618 and BTSs 614
may be part of visited/serving network 102a and/or home
network 1024 in FIG. 1. The system 610 may support opera-
tion on multiple carriers (waveform signals of different fre-
quencies). Multi-carrier transmitters can transmit modulated
signals simultaneously on the multiple carriers. Each modu-
lated signal may be a Code Division Multiple Access
(CDMA) signal, a Time Division Multiple Access (TDMA)
signal, an Orthogonal Frequency Division Multiple Access
(OFDMA) signal, a Single-Carrier Frequency Division Mul-
tiple Access (SC-FDMA) signal, etc. Each modulated signal
may be sent on a different carrier and may carry pilot, over-
head information, data, etc.

The BTSs 614 can wirelessly communicate with the UEs
612 via antennas. Each of the BTSs 614 may also be referred
to as a base station, an access point, an access node (AN), a
Node B, an evolved Node B (eNB), etc. The BTSs 614 are
configured to communicate with the UEs 612 under the con-
trol of the BSC 618 via multiple carriers. Each of the BTSs
614 can provide communication coverage for a respective
geographic area, here the respective cells 616. Each of the
cells 616 of the BTSs 614 is partitioned into multiple sectors
as a function of the base station antennas.

The system 610 may include only macro base stations 614
or it can have base stations 614 of different types, e.g., macro,
pico, and/or femto base stations, etc. A macro base station
may cover a relatively large geographic area (e.g., several
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kilometers in radius) and may allow unrestricted access by
terminals with service subscription. A pico base station may
cover a relatively small geographic area (e.g., a pico cell) and
may allow unrestricted access by terminals with service sub-
scription. A femto or home base station may cover arelatively
small geographic area (e.g., a femto cell) and may allow
restricted access by terminals having association with the
femto cell (e.g., terminals for users in a home).

The UEs 612 can be dispersed throughout the cells 616.
The UEs 612 may be referred to as terminals, mobile stations,
mobile devices, user equipment (UE), subscriber units, etc.
Each UE may comprise a SET (SUPL Enabled Terminal), as
discussed above. The UEs 612 shown in FIG. 6 may include
mobile telephones, personal digital assistants (PDAs) and
vehicular navigation and/or communication systems, but may
also include wireless routers, other handheld devices, net-
books, notebook computers, etc.

Referring also to FIG. 7, an example 712 of one of the UEs
612 in FIG. 6 (e.g. a UE that comprises a SET 104 in FIG. 1)
comprises a computer system including a processor 720,
memory 722 including software 724, input/output (I/O)
device(s) 726 (e.g., a display, speaker, keypad, touch screen
or touchpad, etc.) and one or more antennas 728. The
antenna(s) 728 provide communication functionality for the
UE 712 and facilitates bi-directional communication with the
BTSs 614 in FIG. 6. The antennas may also enable reception
and measurement of SPS signals—e.g. signals from GPS
satellite 150 in FIG. 1. The antenna(s) 728 can operate based
on instructions from a transmitter and/or receiver module,
which can be implemented via the processor 720 (e.g., based
on software 724 stored on memory 722) and/or by other
components of the UE 712 in hardware, software, or a com-
bination of hardware and/or software.

The processor 720 is an intelligent hardware device, e.g., a
central processing unit (CPU) such as those made by Intel®
Corporation or AMD®, a microcontroller, an application spe-
cific integrated circuit (ASIC), etc. The memory 722 includes
non-transitory storage media such as random access memory
(RAM) and read-only memory (ROM). The memory 722
stores the software 724 which is computer-readable, com-
puter-executable software code containing instructions that
are configured to, when executed, cause the processor 720 to
perform various functions described herein. Alternatively, the
software 724 may not be directly executable by the processor
720 but is configured to cause the computer, e.g., when com-
piled and executed, to perform the functions.

Referring to FIG. 8, a particular embodiment of a system
that is operable to perform SUPL redirection or MLP tunnel-
ing to a discovered SLP is shown and generally designated
800. The system 800 includes a SUPL server 810 communi-
cably coupled to a mobile device 820 via one or more access
networks (e.g., an illustrative access network 830) and pos-
sibly also via one or more transit networks (not shown in FIG.
8). SUPL server may comprise one or more transmitters,
receivers, and antennas known in the art (not shown in FIG.
8). In a particular embodiment, the SUPL server 810 may be
a SUPL location platform (SLP) and the mobile device 820
may be a SUPL-enabled terminal (SET). The access network
830 may be a 3GPP network, a 3GPP2 network, a WIMAX
network, a Wi-Fi network (e.g., a network that operates in
accordance with an IEEE 802.11 standard), or some other
wireless access network. In a particular embodiment, the
mobile device 820 may be a wireless telephone.

The SUPL server 810 may include a processor 811 and a
memory 812 coupled to the processor 811. In a particular
embodiment, the memory 812 may store instructions 814
executable by the processor 811, where the instructions rep-
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resent various logical modules, components, and applica-
tions. For example, the memory 812 may store computer-
readable, computer-executable software code containing
instructions that are configured to, when executed, cause the
processor 811 to perform various functions described herein.
The memory 812 may also store one or more security creden-
tials of the SUPL server 810.

The mobile device 820 may include a processor 821 and a
memory 822 coupled to the processor 821. For example, the
processor 821 and memory 822 may comprise processor 720
and memory 722 of SET 712, and described with regard to
FIG. 7. In a particular embodiment, the memory 822 stores
instructions 824 executable by the processor 821, where the
instructions may represent various logical modules, compo-
nents, and applications. For example instructions 824 may
comprise software 724 of SET 712, and described with regard
to FIG. 7. For example, the memory 822 may store computer-
readable, computer-executable software code containing
instructions that are configured to, when executed, cause the
processor 811 to perform various functions described herein.
The memory 822 may also store one or more security creden-
tials of the mobile device 820.

The methods, systems, and devices discussed above are
examples. Various configurations may omit, substitute, or add
various procedures or components as appropriate. For
instance, in alternative configurations, the methods may be
performed in an order different from that described, and/or
various stages may be added, omitted, and/or combined. Also,
features described with respect to certain configurations may
be combined in various other configurations. Different
aspects and elements of the configurations may be combined
in a similar manner. Also, technology evolves and, thus, many
of'the elements are examples and do not limit the scope of the
disclosure or claims.

Specific details are given in the description to provide a
thorough understanding of example configurations (includ-
ing implementations). However, configurations may be prac-
ticed without these specific details. For example, well-known
circuits, processes, algorithms, structures, and techniques
have been shown without unnecessary detail in order to avoid
obscuring the configurations. This description provides
example configurations only, and does not limit the scope,
applicability, or configurations of the claims. Rather, the pre-
ceding description of the configurations will provide those
skilled in the art with an enabling description for implement-
ing described techniques. Various changes may be made in
the function and arrangement of elements without departing
from the spirit or scope of the disclosure.

Also, configurations may be described as a process that is
depicted as a flow diagram or block diagram. Although each
may describe the operations as a sequential process, many of
the operations can be performed in parallel or concurrently. In
addition, the order of the operations may be rearranged. A
process may have additional steps not included in the figure.
Furthermore, examples of the methods may be implemented
by hardware, software, firmware, middleware, microcode,
hardware description languages, or any combination thereof.
When implemented in software, firmware, middleware, or
microcode, the program code or code segments to perform the
necessary tasks may be stored in a non-transitory computer-
readable medium such as a storage medium. Processors may
perform the described tasks.

Having described several example configurations, various
modifications, alternative constructions, and equivalents may
be used without departing from the spirit of the disclosure.
For example, the above elements may be components of a
larger system, wherein other rules may take precedence over
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or otherwise modify the application of the invention. Also, a
number of steps may be undertaken before, during, or after
the above elements are considered. Accordingly, the above
description does not bound the scope of the claims.

The use of “adapted to” or “configured to” herein is meant
as open and inclusive language that does not foreclose devices
adapted to or configured to perform additional tasks or steps.
Additionally, the use of “based on” is meant to be open and
inclusive, in that a process, step, calculation, or other action
“based on” one or more recited conditions or values may, in
practice, be based on additional conditions or values beyond
those recited. Headings, lists, and numbering included herein
are for ease of explanation only and are not meant to be
limiting.

Embodiments in accordance with aspects of the present
subject matter can be implemented in digital electronic cir-
cuitry, in computer hardware, firmware, software, or in com-
binations of the preceding. In one embodiment, a computer
may comprise a processor or processors. The processor com-
prises or has access to a computer-readable medium, such as
a random access memory (RAM) coupled to the processor.
The processor executes computer-executable program
instructions stored in memory, such as executing one or more
computer programs including a sensor sampling routine,
selection routines, and other routines to perform the methods
described above.

Such processors may comprise a microprocessor, a digital
signal processor (DSP), an application-specific integrated cir-
cuit (ASIC), field programmable gate arrays (FPGAs), and
state machines. Such processors may further comprise pro-
grammable electronic devices such as PL.Cs, programmable
interrupt controllers (PICs), programmable logic devices
(PLDs), programmable read-only memories (PROMs), elec-
tronically programmable read-only memories (EPROMs or
EEPROMSs), or other similar devices.

Such processors may comprise, or may be in communica-
tion with, media, for example tangible computer-readable
media, that may store instructions that, when executed by the
processor, can cause the processor to perform the steps
described herein as carried out, or assisted, by a processor.
Embodiments of computer-readable media may comprise,
but are not limited to, all electronic, optical, magnetic, or
other storage devices capable of providing a processor, such
as the processor in a web server, with computer-readable
instructions. Other examples of media comprise, but are not
limited to, a floppy disk, CD-ROM, magnetic disk, memory
chip, ROM, RAM, ASIC, configured processor, all optical
media, all magnetic tape or other magnetic media, or any
other medium from which a computer processor can read.
Also, various other devices may include computer-readable
media, such as a router, private or public network, or other
transmission device. The processor, and the processing,
described may be in one or more structures, and may be
dispersed through one or more structures. The processor may
comprise code for carrying out one or more of the methods (or
parts of methods) described herein.

While the present subject matter has been described in
detail with respect to specific embodiments thereof, it will be
appreciated that those skilled in the art, upon attaining an
understanding of the foregoing may readily produce alter-
ations to, variations of, and equivalents to such embodiments.
Accordingly, it should be understood that the present disclo-
sure has been presented for purposes of example rather than
limitation, and does not preclude inclusion of such modifica-
tions, variations and/or additions to the present subject matter
as would be readily apparent to one of ordinary skill in the art.
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What is claimed is:
1. A method for obtaining a location of a Secure User Plane
Location (“SUPL”) Enabled Terminal (“SET”), the method
comprising:
engaging in a first location session with a Home Secure
User Plane Location Platform (“H-SLP”);

receiving a message to switch between communicating
with the H-SLP to a Discovered Secure User Plane
Location Platform (“D-SLP”);

receiving a billing code from the H-SLP;

engaging in a second location session with the D-SLP

based on the received message; and

obtaining a location of the SET based on the second loca-

tion session; and sending the obtained location to the
H-SLP.
2. The method of claim 1, further comprising sending the
billing code to the D-SLP as part of the second location
session.
3. The method of claim 1, wherein the message comprises
an address of the D-SLP.
4. The method of claim 1, wherein the obtained location is
sent as part of the first location session.
5. The method of claim 1, wherein the obtained location is
sent as part of a third location session between the SET and
the H-SLP.
6. The method of claim 1, wherein engaging in the first
location session further comprises establishing a secure con-
nection with the H-SLP and returning a response message
subsequent to receipt of the initiation message.
7. The method of claim 6, wherein the response message
further comprises information associated with one or more
D-SLPs, the information comprising one or more of: a list of
authorized D-SLPs, whether the SET is in the service area of
one or more D-SLPs, whether the SET is within the service
area of an authorized D-SLP.
8. The method of claim 7, wherein the response message
further comprises an indication that the SET supports a SUPL
Redirect.
9. A non-transitory computer readable medium having
stored thereon computer implementable instructions that if
implemented by one or more processing units operatively
enable the one or more processing units to:
engage in a first location session with a Home Secure User
Plane Location Platform (“H-SLP”);

receive a message to switch between communicating with
the H-SLP to a Discovered Secure User Plane Location
Platform (“D-SLP”);

receiving a billing code from the H-SLP;

engaging in a second location session with the D-SLP

based on the received message; and

obtaining a location of a Secure User Plane Location

(“SUPL”) Enabled Terminal (“SET”) based on the sec-
ond location session; and

sending the obtained location to the H-SLP.

10. The non-transitory computer readable medium of claim
9, further comprising computer implementable instructions
that if implemented by one or more processing units opera-
tively enable the one or more processing units to: send the
billing code to the D-SLP as part of the second location
session.

11. The non-transitory computer readable medium of claim
9, wherein the message comprises an address of the D-SLP.

12. The non-transitory computer readable medium of claim
9, wherein the obtained location is sent as part of the first
location session.
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13. The non-transitory computer readable medium of claim
9, wherein the obtained location is sent as part of a third
location session between the SET and the H-SLP.
14. The non-transitory computer readable medium of claim
9, wherein engaging in the first location session further com-
prises establishing a secure connection with the H-SLP and
returning a response message subsequent to receipt of the
initiation message.
15. The non-transitory computer readable medium of claim
14, wherein the response message further comprises informa-
tion associated with one or more D-SLPs, the information
comprising one or more of: a list of authorized D-SLPs,
whether the SET is in the service area of one or more D-SLPs,
whether the SET is within the service area of an authorized
D-SLP.
16. The non-transitory computer readable medium of claim
15, wherein the response message further comprises an indi-
cation that the SET supports a SUPL Redirect.
17. A system for obtaining a location of a Secure User
Plane Location (“SUPL”) Enabled Terminal (“SET”) com-
prising:
a receiver configured to receive a message to switch
between communicating with the Home Secure User
Plane Location Platform (“H-SLP”) to a Discovered
Secure User Plane Location Platform (“D-SLP”) and to
receive a billing code from the H-SLP;
a processor coupled to the receiver, the processor config-
ured to:
engage in a first location session with a H-SLP
engage in a second location session with the D-SLP
based on the received message;

obtainalocation ofthe SET based on the second location
session; and

send the obtained location to the H-SLP.

18. The system of claim 17, wherein the processor is fur-
ther configured to send the billing code to the D-SLP as part
of the second location session.

19. The system of claim 17, wherein the message com-
prises an address of the D-SLP.

20. The system of claim 17, wherein the obtained location
is sent as part of the first location session.

21. The system of claim 17, wherein the obtained location
is sent as part of a third location session between the SET and
the H-SLP.

22. The system of claim 17, wherein engaging in the first
location session further comprises establishing a secure con-
nection with the H-SLP and returning a response message
subsequent to receipt of the initiation message.

23. The system of claim 22, wherein the response message
further comprises information associated with one or more
D-SLPs, the information comprising one or more of: a list of
authorized D-SLPs, whether the SET is in the service area of
one or more D-SLPs, whether the SET is within the service
area of an authorized D-SLP.

24. A system for obtaining a location of a Secure User
Plane Location (“SUPL”) Enabled Terminal (“SET”), the
method comprising:

means for engaging in a first location session with a Home
Secure User Plane Location Platform (“H-SLP”);

means receiving a message to switch between communi-
cating with the H-SLP to a Discovered Secure User
Plane Location Platform (“D-SLP”);

means for receiving a billing code from the H-SLP;

means for engaging in a second location session with the
D-SLP based on the received message;



US 9,374,759 B2

23

means for obtaining a location of the SET based on the
second location session; and means for sending the
obtained location to the H-SLP.

25. The system of claim 24, further comprising means for
sending the billing code to the D-SLP as part of the second
location session.

26. The system of claim 24, wherein the message com-
prises an address of the D-SLP.

27. The system of claim 24, wherein the obtained location
is sent as part of the first location session.

28. The system of claim 24, wherein the obtained location
is sent as part of a third location session between the SET and
the H-SLP.

29. The system of claim 24, wherein engaging in the first
location session further comprises establishing a secure con-
nection with the H-SLP and returning a response message
subsequent to receipt of the initiation message.

30. The system of claim 29, wherein the response message
further comprises information associated with one or more
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D-SLPs, the information comprising one or more of: a list of 20

authorized D-SLPs, whether the SET is in the service area of
one or more D-SLPs, whether the SET is within the service
area of an authorized D-SLP.
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